
Chapter 5
Relational Algebra and SQL

Now we have some rough idea as how to create
a database, we have to see how to work with
it, which is what we do most of the time.

A database query language is a special-purpose
programming language that is designed and
used to retrieve and update information stored
in databases.

The structured query language(SQL) is the
one we use most of the time. A very impor-
tant feature for SQL statements is that it only
states what it does, but not how to do it, which
is left to DBMS to �gure out.
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Algebra and SQL

SQL is based on a mathematical body of knowl-
edge, Relational algebra (RA), which serves as
an intermediate language for the DBMS. Es-
sentially, when a declarative SQL statement is
received, and parsed, it will be translated into
an expression in RA. Such an expression is then
analyzed and optimized by a query optimizer
to become an equivalent but more e�cient al-
gorithm, or, a query execution plan. Such a
plan is then converted to a piece of executable
code.

The mathematical nature of the relational al-
gebra makes such analysis and optimization
and proof of equivalence possible.

Thus, RA is a key to understand the internal
working of SQL statements, and is also helpful
to design SQL statements.
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What is relational algebra?

A relational algebraic expression consists of a
combination of some simple operators.

There are two groups of operators, some ba-
sic ones such as Select, Project, Union, Dif-
ference, Intersection, and Cartesian product;
together with several derived ones: Join, and
Division.

We use a combination of these operators to
come up a data access program.

Homework: 5.1.
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Eight operators illustrated...
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...and in words

Product returns a relation containing all possi-
ble tuples that are a combination of two tuples,
one from each of the two speci�ed relations.

Union returns a relation containing all tuples
that appear in either, or both, of the two spec-
i�ed relations.

Intersect returns a relation containing all tu-
ples that appear in both of the two speci�ed
relations.

Di�erence returns a relation containing all tu-
ples that appear in the �rst but not the second
of the two relations.

5



Select returns a relation containing all tuples
from a speci�ed relation that satisfy a speci�c
condition.

Project returns a relation containing all (sub)tuples
that remain in a speci�ed relation after speci-
�ed attributes have been removed.

Join returns a relation containing all possible
tuples that are a combination of two tuples,
one from each of the two speci�c relations,
such that the two tuples contributing to any
given combination have a common value for
the common attributes of the two relations (
and that a common value appears just once,
not twice, in the result tuple).

Division takes two unary relations and one bi-
nary one as its inputs. As the output, it sends
back a relation containing all tuples from the
�rst unary relation that appear in the binary
relation, which is matched with all tuples in
the second unary relation.
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Select

It is also called restriction. It select a subset of
tuples satisfying certain conditions. For exam-
ple, we might want to get a list of computer
science professors. We can use a select op-
eration to get it from the Professor table as
follows:

� DeptId=`CS 0(Professor)

i.e., \Select all tuples from the Professor rela-
tion that satisfy the condition that DeptId=`CS'. "

The general syntax is the following:

� selection condition ( relation expression )

Homework: 5.4 and 5.5.
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What could a condition be?

A condition can be a simple one, such as

attribute oper constant;

or

attribute oper attribute;

or complex one, i.e., conditions joined by logi-
cal operators, such as And, Or, and Not.
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An example

We can have the following

� ProfId=Professor :Id And Professor :DeptId=`CS 0(Teaching)

i.e., \Get all the courses taught by CS profes-
sors".

Procedurally, we start with the Professor table
to get all the ProfId such that the correspond-
ing professor works in the CS department, then
go to the Teaching table to get those tuples
such that its ProfId belongs to the set we just
found.

Technically, we are doing a Join operation.
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What is it?

� selection condition ( relation expression ) is just a
string. But, when applied to a concrete database,
it has a value as its meaning.

Assume that it is applied to a relation instance
r of type R; we de�ne the value of such an ex-
pression � selection condition ( r ) to be the collec-
tion of tuples in r that satis�es the selection
condition.

The important thing is then when applied to
a relation, this operator will result in another
relation.
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An example

Given the following Person table,

Id Name Address Hobby
1123 John 123 Main St. Stamps
1123 John 123 Main St. Coin
5556 Mary 7 Lake Dr. Hike
9876 Bart 5 Pine St. Stamps

with the expression � Hobby= 0Stamps 0(Person) ; we
will get the following table back

Id Name Address Hobby
1123 John 123 Main St. Stamps
9876 Bart 5 Pine St. Stamps
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Another example

Given a more complicated condition

� StuDId 6=1111111 And (Semester=`S1991 0OrGrade= 0B 0)

(Transcript)

for each and every tuple in the table, it will
check if it satis�es the requirement, and throw
that into the result if it does.

The condition part could be further extended,
e.g.,

EmpSalary > ( MngrSalary � 2)

And ( DeptId + CrsNumber ) Like CrsCode

where `+' is for string concatenation, and `Like'
is for pattern matching.

12



Project

This is used to pick up attributes. Let A de-
note an attribute of a relation, r; and let t be
a tuple in r; then t:A denote the component of
t that corresponds to A: It is also clear what
it means by t: [A 1 ; � � � ; A n ]: In general, we have
the following notation:

� attribute list ( relation )

When applied to a relation r of type R; such
that A 1; A 2; � � � ; A n are all attributes of R; then
� A 1 ;��� ;A n ( r ) ; the projection of r on the list, re-
turns the collection of tuples t: [A 1; � � � ; A n ]:
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An example

Given the following Person table,

Id Name Address Hobby
1123 John 123 Main St. Stamps
1123 John 123 Main St. Coin
5556 Mary 7 Lake Dr. Hike
9876 Bart 5 Pine St. Stamps

with the expression � Name ;Hobby (Person) ; we
will get the following table back

Name Hobby
John Stamps
John Coin
Mary Hike
Bart Stamps
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An example

Operations can be combined. For example,
given the following table

Id Name Address Hobby
1123 John 123 Main St. Stamps
1123 John 123 Main St. Coin
5556 Mary 7 Lake Dr. Hike
9876 Bart 5 Pine St. Stamps

and � Id ;Name ( � Hobby= 0Stamps 0 Or Hobby = 0Coins 0(Person) ;

we will get the following table back

Id Name
1123 John
9876 Bart
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Related to SQL

Given � Id ;Name ( � Hobby= 0Stamps 0 Or Hobby = 0Coins 0(Person) ; we
immediately have the following SQL query:

Select Distinct Id, Name
From Person
Where Hobby='Stamps' or Hobby='Coins';

Question: What will the following get?

Select Id, Name
From Person
Where Hobby='Stamps' or Hobby='Coins';

Answer: Let's check out.
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Set operations

The set operations are pretty straightforward,
as you have seen in either Finite Math. or
Discrete Math.

Given two sets R and S; their union, intersec-
tion and di�erence are represented as R [ S; R \
S; and R � S; respectively. Notice that although
the �rst two are symmetric, the di�erence is
not, i.e., R � S could be di�erent from S � R:

Since relations are sets, then given two rela-
tions r and s; we immediately obtain r [ s; r \
s; r � s as the collection of tuples that are in
either r or s; in both r and s; and in r but not
in s:
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When we apply these operators, we often apply
them to only the union-compatible relations,
i.e., both relations have the same number of
columns; the name of those involved columns
are the same and share the same domain.

For example, we can have something like the
following:

� CrsCode ;Semester ( � Grade=`C 0(Transcript))
� � CrsCode ;Semester ( � CrsCode=` MAT 123 0(Teaching))

� CrsCode ;Semester ( � Grade=`C 0(Transcript))
[ � CrsCode ;Semester ( � CrsCode=` MAT 123 0(Teaching))

� CrsCode ;Semester ( � Grade=`C 0(Transcript))
\ � CrsCode ;Semester ( � CrsCode=` MAT 123 0(Teaching))
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What does it do?

Let's check them out with the following data:
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Related to SQL

Given

� CrsCode ;Semester ( � Grade=`C 0(Transcript))

[ � CrsCode ;Semester ( � CrsCode=` MAT 123 0(Teaching))

we immediately have the following SQL query:

mysql> (Select CrsCode, Semester From Transcript Where Gra de='C') Union
-> (Select CrsCode, Semester From Teaching Where CrsCode=' MAT123');

We will get the following:

+---------+----------+
| CrsCode | Semester |
+---------+----------+
| MAT123 | S1996 |
| CS305 | F1995 |
| MAT123 | F1997 |
+---------+----------+
3 rows in set (0.00 sec)

Neither intersection nor complement is sup-
ported by MySQL.
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Cartesian product

Given two relations r and s; r � s; where r and s
share no common attributes names, consists of
the set of all tuples t such that t = ( a; b) ; a 2 r
and t 2 s: For example, Let r and s be the
following,

S#
S1
S2

P#
P1
P2

Then, the result of r � s is the following,

S# P#
S1 P1
S1 P2
S2 P1
S2 P2
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What happens...

when r and s do share common attribute names?
For example, T1( A; B ) � T2( B; C ) : If we do noth-
ing, by the very de�nition, we will end up with
a table T3( A; B; B; C ) ; where the two B 0s have
the same name, but potentially di�erent val-
ues. This is not allowed by the relational data
model.

What we will do is thus renaming such at-
tributes. This operator, not a basic one, can
take the following syntax:

expression [A 1; � � � ; A n ];

where A 1; � � � ; A n are the new names of the
original relational expression, for the correspond-
ing positions.

Let's check out an example:
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( � Id ;Name ( Student ) � � Id;DeptId ( P rofessor ))

[Student:Id; Name; P rofessor:Id; DeptId ])

Homework: 5.3.
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Join

Given two relation schemas, R and S; their join,

R ./ join condition S

is a complicated operation.

Let A 1; � � � ; A n and B 1 ; � � � ; B n be two subsets of
attributes of R and S; respectively, and oper1; � � � ;
opern be the standard comparators such as `=',
`< ', etc., then a general join is just a selection
applied to R � S; with the following selection
operation:

( R:A 1 oper1 S:B 1) And � � � And ( R:A n opern S:B n ) :
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Natural join

When all the operations used in a join are `=',
we call this special case a natural join.

Considering two tables, Dept

DEPT# DNAME BUDGET
D1 Marketing 10M
D2 Development 12M
D3 Research 5M

and Emp

EMP# ENAME DEPT# SALARY
E1 Lopez D1 40K
E2 Cheng D1 42K
E3 Finzl D2 30K
E4 Salto D2 35K
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Their natural join over DEPT#,a commonly shared
attribute is the following:

DEPT# DNAME BUDGET EMP# ENAME SALARY
D1 Marketing 10M E1 Lopez 40K
D1 Marketing 10M E2 Cheng 42K
D2 Development 12M E3 Finzl 30K
D2 Development 12M E4 Salto 35K

We notice the following two things about this
table: 1. Those two tables share a common
column, i.e., DEPT#.

2. When joining them, every row in the �rst
table will be concatenated with another from
the second row, as long as they have the same
DEPT#value. Hence, since no row in the �rst
table has a DEPT#value of `D3', then no such
row is contained in the joined table.
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More speci�cally...

1. A Cartesian product of the two tables will
be formed:

D# DNAME BUDGET EMP# ENAME D# SALARY
D1 Market 10M E1 Lopez D1 40K
D1 Market 10M E2 Cheng D1 42K
D1 Market 10M E3 Finzl D2 30K
D1 Market 10M E4 Salto D2 35K
D2 Develop 12M E1 Lopez D1 40K
D2 Develop 12M E2 Cheng D1 42K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K
D3 Research 5M E1 Lopes D2 40K
D3 Research 5M E2 Cheng D2 42K
D3 Research 5M E3 Finzl D2 30K
D3 Research 5M E4 Salto D2 35K

2. All rows that have di�erent D# values will
be deleted. Thus,

D# DNAME BUDGET EMP# ENAME D# SALARY
D1 Market 10M E1 Lopez D1 40K
D1 Market 10M E2 Cheng D1 42K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K
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3. Finally, the duplicated D# column will be
deleted.

D# DNAME BUDGET EMP# ENAME SALARY
D1 Market 10M E1 Lopez 40K
D1 Market 10M E2 Cheng 42K
D2 Develop 12M E3 Finzl 30K
D2 Develop 12M E4 Salto 35K

A relational database almost always consists
of a bunch of tables, when we want to get
information from multiple tables, we have to
use the join operations.
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An query example

Let's say we want to know all the professors
who have taught a course in F1995, what should
we do?

The general plan is always how to get the out-
put, based on the input. In this case, what we
want is the names of the professors. Not all of
them, but the ones who taught in F1995.

One way to proceed is to start with the input,
'F1995', and �nd out where that input sits,
Teaching. This tells what we are interested,
which can be obtained via a restriction.

� Semester=`F1995 0(Teaching)

With the current instance of the Teaching ta-
ble, we get the following:

ProfId CrsCode Semester
555666777 CS305 F1995
121232343 EE101 F1995
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What do we want?

The above information does show the profes-
sors who taught in F1995, but only their num-
bers, not their names.

Look at the other tables, we �nd out that the
names can be found in the Professor table,
related to the Teaching table via the professor's
Ids.

We can thus get the numbers �rst, then their
names via a join.

It is easy to get the Ids via a projection.

� P rofId ( � Semester=`F1995 0(Teaching))

ProfId
555666777
121232343
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Go over with join

With the Id's in hand, we can get the names
via a join, as follows:

( P rofessor ./ Id=ProfId � Semester=`F1995 0(Teaching)) ;

Since join only keeps those rows sharing the
values, we get the following:

Id Name DeptId
555666777 Mary Doe CS
121232343 David Jones EE
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The �nal kick

Since we only want the names, we have to do
another projection on the Nameattribute.

� Name ( P rofessor ./ Id=ProfId � Semester=`F1995 0(Teaching)) ;

This gets us the following:

Name
Mary Doe
David Jones

Question: What have we done?

Answer: The selection �nds all the informa-
tion from the Teaching table about who taught
what in F1995, including the professor Id. To
get their names, we have to match up the se-
lected tuples with the tuples in the Professor
table with a natural join on their Id.

Finally, since we only want to get the names,
we make a projection on the Name.
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Related to SQL

Given the RA expression

� Name ( P rofessor ./ Id=ProfId � Semester=`F1995 0(Teaching)) ;

we immediately have the following SQL query:

mysql> select P.Name
-> from Teaching T, Professor P
-> Where T.Semester='F1995' And P.Id=T.ProfId;

Notice that we use an condition P.Id=T.ProfId
to explicitly enforce the join.

We will get the following result for this query:

+-------------+
| Name |
+-------------+
| David Jones |
| Mary Doe |
+-------------+
2 rows in set (0.63 sec)
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Another query example

The following �nds out the names of the courses
and the professors who taught them in F1995.

� CrsName ;Name (( P rofessor ./ Id=ProfId � Semester=`F1995 0(Teaching))
./ CrsCode=CrsCode Course)

Question: What is going on?

Answer: The selection �nds all the informa-
tion from the Teaching table about who taught
what in F1995, including the professor Id and
course Id. To get their names, we have to
match up the selected tuples with the tuples
in the Professor table with a natural join. We
similarly �nd out the names of those courses.

Finally, since we only want to get the names,
we make a projection on the names.
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Related to SQL

Given

� CrsName ;Name (( P rofessor ./ Id=ProfId � Semester=`F1995 0(Teaching))
./ CrsCode=CrsCode Course)

we immediately have the following SQL query:

mysql> select P.Name, C.CrsName
-> from Teaching T, Professor P, Course C
-> Where T.Semester='F1995' And P.Id=T.ProfId
-> And T.CrsCode=C.CrsCode;

Notice again that we use additional conditions
to explicitly enforce the join.

We will get the following result for this query:

+-------------+---------------------+
| Name | CrsName |
+-------------+---------------------+
| Mary Doe | Database System |
| David Jones | Electronic Circuits |
+-------------+---------------------+
2 rows in set (0.01 sec)
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Join in MySQL

MySQL actually implements a Join in the form
of

A Join B (join condition)

Thus, we can have the following alternative
SQL expression, which gets us the same an-
swer.

select distinct Name, CrsName
from Professor join Teaching

on (Professor.Id=Teaching.ProfId)
join Course

on (Teaching.CrsCode=Course.Crscode)
where Teaching.Semester='F1995';
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Why natural join?

Such equality based join is common, and nat-
ural, since it re
ects a good design principle:
the same stu� should be so named. For ex-
ample, CrsCode refers to the same thing: the
code of a course. Thus, it is given the same
name in all the related tables.

The join equation in a natural join actually
equates all the identically named attributes in
the relations being joined. Moreover, as we
already discussed, since the identically named
attributes really mean the same thing, it keeps
only one of them, while an equi-join keeps
both. Thus, a natural join is de�ned as fol-
lows:

� attr ( � condition ( R � S))
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Two more examples

The following �nds out the ids of all the stu-
dents together with the ids of the professors
who taught them.

� StudId ;ProfId ( T ranscript ./ T eaching )

Below �nds out the ids of all the students who
took at least two courses.

� StudId ( � CrsCode6= CrsCode2( T rancript
./ T ranscript [StudID; CrscCode 2; Semester 2; Grade 2]))

Question: Why don't we rename StudID?

Answer: We need this value to connect all the
courses taken by the same student, assuming
each student has his/her unique Id.
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Related to SQL

Given

� StudId ( � CrsCode6= CrsCode2( T rancript
./ T ranscript [StudID; CrscCode 2; Semester 2; Grade 2]))

we can have the following SQL query:
mysql> select distinct T1.StudId from transcript T1, trans cript T2

-> where T1.StudId=T2.StudId And T1.CrsCode <> T2.CrsCode ;

Notice that we use di�erent names to get two
separate copies of the same table.

We will get the following result for this query:

+-----------+
| StudId |
+-----------+
| 123454321 |
| 987654321 |
| 111111111 |
| 666666666 |
+-----------+
4 rows in set (0.00 sec)
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Something special

Question: What is the natural join of R and
S when R and S share the same attributes?

Answer: By de�nition, once we construct the
product of R and S; and apply the equality
selection, only the identical pairs will stay. Fi-
nally, we will keep only one copy of those iden-
tical pairs. This leads to the collection of tu-
ples that belong to both R and S:

Hence, in this case, we have R \ S:

Question: What is the natural join of R and
S when they have no attribute in common.

Answer: In this case, when we apply the equal-
ity selection, nothing will be kicked out. In the
projection step, we also can project out no at-
tributes. Then, in this case, the whole product
stays.

By the way, I just did 5.6 for you.
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Division

This might be the most complex operation. It
is used in such scenarios that who has taught
everything that is o�ered by the CS depart-
ment or who has taken every course o�ered by
a particular professor or who supplies every red
part?

This operator takes two unary relations, A; B ;
and one binary one, C; as its inputs. As the
output, it sends back a relation containing all
tuples from the �rst unary relation that appear
in the binary relation, which is matched with
all tuples in the second unary relation.

In the teaching everything case, A and B refer
to ProfId and CrsCode, respectively; and C is

� ProfId ;CrsCode (Teaching) :

42



Worth how many words?

Let's check them out with the following data,
and will get f 1; 2; 3; 4g divide by s per r =
f 2; 3g :

Homework: 5.7 and 5.8.
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A �nal example

If we want to �nd out the students who has
taken all the courses taught by Professor John
Smyth, we know that we can use the division
operator. Thus, we have to �nd out the three
tables.

A = � StudId T ranscript; i.e., \those who have
taken course."

To �nd out B; we have to �nd out the code of
those courses taught by Prof. Smyth, i.e.,

� CrsCode( � P rofId =( � ProfId ( � Name =` JohnSmyth 0( P rofessor ))) (Teaching)) :

It is easy to get C; \who has taken what":

� StudId;CrsCode (Transcript) :

Homework: 5.12, and 5.18
44



Now the SQL part

SQL is the most widely used RDB language.

We can submit individual SQL query state-
ment directly to an DBMS through a terminal.
But, in practice, particularly in transaction pro-
cessing, we often embed them in a larger pro-
gram that submits a collection of SQL state-
ments to a DBMS at run time and process the
returned results.

We discuss the former case in this chapter,
and talk about the embedding case in a later
chapter.

We will go through the implementation details,
in HTML, PhP, and MySQL, in Part (I) of the
lab notes, A Gentler Introduction to PhP and
Its Application in Database Programming,
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To kick o�

Below is a very basic SQL query, which shares
the format with all the other queries.

Select P.Name
From Professor P
Where P.DeptId='EE'

This is to get all the professors working in the
EE department.

In the above, we use a tuple variable, P, which
ranges over the tuples of the Professor rela-
tion.

Such variables are not needed in this simple
case when no ambiguity exists, but often are
in more general SQL programming.
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The evaluation process

The basic algorithm for evaluating such an
SQL statement is as follows:

1. The From part is evaluated to produce a
Cartesian product of all the tables mentioned
here.

2. The Where part is evaluated to check out
each and every row in the just obtained prod-
uct to remove all these that don't make the
cut.

3. Finally, the Select part is evaluated to select
those attributed from the left over rows taken
from the previous step.

Thus, the previous query is nothing but

� Name ( � DeptId=`EE 0(Professor)
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An example

Considering two tables, Dept

DEPT# DNAME BUDGET
D1 Marketing 10M
D2 Development 12M
D3 Research 5M

and Emp

EMP# ENAME DEPT# SALARY
E1 Lopez D1 40K
E2 Cheng D1 42K
E3 Finzl D2 30K
E4 Salto D2 35K

and the query

Select E.EName,E.Salary From Dept D, Emp E
Where D.DEPT#=E.DEPT# and E.SALARY<40K
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The evaluation process

1. The Cartesian product of the two tables,
Dept and Emp, as mentioned in the From part, is
constructed as follows:

D# DNAME BUDGET EMP# ENAME D# SALARY
D1 Market 10M E1 Lopez D1 40K
D1 Market 10M E2 Cheng D1 42K
D1 Market 10M E3 Finzl D2 30K
D1 Market 10M E4 Salto D2 35K
D2 Develop 12M E1 Lopez D1 40K
D2 Develop 12M E2 Cheng D1 42K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K
D3 Research 5M E1 Lopes D2 40K
D3 Research 5M E2 Cheng D2 42K
D3 Research 5M E3 Finzl D2 30K
D3 Research 5M E4 Salto D2 35K
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2. Then, the Where part is evaluated, so that
only those tuples satisfying the condition

D.DEPT#=E.DEPT# and E.SALARY<40K

are kept.

D# DNAME BUDGET EMP# ENAME D# SALARY
D1 Market 10M E1 Lopez D1 40K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K

3. Finally, the Select part is evaluated. Only
those attributes as mentioned in the target list
will be kept.

ENAME SALARY
Lopez 40K
Finzl 30K
Salto 35K

This is indeed the result of this query when
applied to this instance.
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Query with a join

Below gets all the professors who taught in
1994.

Select P.Name
From Professor P, Teaching T
Where P.Id=T.ProfId And T.Semester='F1995';

The evaluation of this query really follows the
three step process as we discussed earlier.

This one is nothing but

� Name (Professor ./ Id = P rofId � Semester=`F1995 0(Teaching))
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SQL and RA

Given an SQL query

Select TargetList
From Rel1 V1, ..., Reln Vn
Where Condition

its RA expression is essentially the following:

� TargetList ( � Condition ( Rel1 � � � � � Reln ))

We do need to convert the Condition into its
RA form.
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An example

If we want to �nd the names of the courses
taught in fall 1995 together with the names of
the professors who taught them. In SQL, we
would say

Select C.CrsName, P.Name
From Professor P, Teaching T, Courses, C
Where T.Semester=`F1995' And

P.Id=T.Profid And T.CrsCode=C.CrsCode

Its RA equivalent is something like the follow-
ing:

� CrsName ;Name ( � C (Professor � Courses � Teaching)) ;

where C refers to the condition as speci�ed in
the Whereclause.
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Self-join queries

We once mentioned that to compose a Carte-
sian product, we have to rename identically
named attributes. In particular, we had the fol-
lowing RA expression to get all students who
took at least two di�erent courses:

pi StudId ( � CrsCode6= CrsCode2( T rancript
./ T ranscript [StudID; CrscCode 2; Semester 2; Grade 2]))

To do it in SQL, we have the following:

Select T1.StudID
From Transcript T1, Transcript T2
Where T1.CrsCode<>T2.CrsCode

And T1.StudId=T2.StudId

We now see the need of having two distinct
range variables.
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Get di�erent results

Although relations are sets, many relational
operators can have multiset, i.e., a collection
with identical values. For example, the fol-
lowing SQL query leads to a list of identical
values.

Select T.ProfId, T.CrsCode
From Teaching T

To return a true relations with no duplicates,
the evaluator has to do another scan to take
out all the duplicates, which can be arranged
by putting up another operator

Select Distinct T.ProfId, T.CrsCode
From Teaching T
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Making comments

We sometimes want to make comments to
make them more readable.

--An example of select distinct
Select distinct T.ProfId, T.CrsCode
From Teaching T

Homework: If you have not started yet, it
is really the time to work through Section 3,
together with the lab work, of Part (II) of the
lab notes, A Gentler Introduction to MySQL
Database Programming.
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What is in Where?

We have so far only seen simple conditions in
the Where part. SQL provides some common
operators for such a purpose, such as `=', ` < ',
`<> ', etc..

In general, the operands of such a comparison
can be expressions, not just single attribute or
constants. For example,

Select E.Id
From Employee E, Employee M
Where E.BossSSn=M.SSN And E.Salary>2*M.Salary

And E.LastName=`Mc'||E.FirstName

returns all employees who make more than twice
what his boss makes, and whose last name is
`Mc' concatenated with his �rst name, such as
\Donald McDonald".
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What about Select?

The Select part comes with a few special fea-
tures. If you want to get everything from the
From part, you put an `*' in the Select. For
example,

Select *
From Employee E, Employee M

is equivalent to the following:

Select E.SSN,E.BossSSN,E.FirstName,E.LastName,E.Sala ry,
M.SSN,M.BossSSN,M.FirstName,M.LastName,M.Salary,

From Employee E, Employee M
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Expression in Select

SQL permits expressions in the target list. The
following �nds out the di�erence between an
employee's salary and her boss.

--Notice the expression in Select
Select E.SSN,M.SSN,M.Salary-E.Salary,
From Employee E, Employee M
Where E.BossSNN=M.SSN

An SQL statement usually generates a table.
To make it more readable, sometimes it makes
sense to use a better name in place of the
attribute names, as shown below

Select E.SSN AS EmplId, M.SSN AS MngrId,
M.Salary-E.Salary AS SalaryGap

From Employee E, Employee M
Where E.BossSNN=M.SSN
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What does Not mean?

Any condition can be negated. For example,

NOT (T1.CrsCode=T2.CrsCode)

It could be even nested. For example

NOT (E.BossSNN=M.SSN And E.Salary>2*M.Salary
And NOT (E.LastName='Mc'||E.FirstName)

Question: What does the last piece mean?

Answer: It means that if somebody's salary is
more than twice that much of his boss, then
his last name is 'Mc' together with his �rst
name, since

: ( A ^ : B ) � : A _ b � A ! B:
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Set operations

SQL uses these operators as de�ned in RA.
When we want to �nd professor who are work-
ing either in CS or EE departments, we can
say

(Select P.Name From Professor P
Where P.DeptId=`CS')

Union
(Select P.Name From Professor P
Where P.DeptId=`EE')

This is equivalent to the following

Select Distinct P.Name
From Professor P
Where P.DeptId=`CS' Or P.DeptId='EE'

61



When �nding out all CS professors and all who
has ever taught a CS course, we can either say
the following:

Select P.Name From Professor P, Teaching T
Where (P.Id=T.ProfId) And (T.CrsCode like 'CS%')

Or (P.DeptId='CS')

or we can use the union operators like the fol-
lowing:

(Select P.Name From Professor P, Teaching T
Where P.Id=T.ProfId) And (T.CrsCode like 'CS%')

Union
(Select P.Name From Professor P
Where P.DeptId=`CS')

If we want to get those non-CS professors who
has ever taught a CS course, we can replace
the `Union' operator with `Except', standing
for set di�erence.
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Make it simple

Suppose that we need to �nd all students who
took both CS315 and CS305, we cannot use
the following:

Select S.Name From Student S, Transcript T
Where S.Id=T.StudId And T.CrsCode='CS315'

And T.CrsCode='CS305'

since the CrsCode piece of any tuple has only
one value.

Instead, we have to say

Select S.Name
From Student S, Transcript T1, Transcript T2
Where S.Id=T1.StudId And T1.CrsCode='CS315'

And S.Id=T2.StudId And T2.CrsCode='CS305'

Although an intersection operator Intersect
would be much easier, it is not implemented
in MySQL.

63



How to build it up?

With SQL, we can also construct a �nite set.
For example, we can �nd all the CS and EE
professors in the following way:

Select P.Name From Professor P
Where P.DeptId In {'CS', 'EE'}

In MySQL, it looks like the following:

Select P.Name From Professor P
Where P.DeptId In ('CS', 'EE')

+-------------+
| Name |
+-------------+
| John Smyth |
| David Jones |
| Mary Doe |
+-------------+
3 rows in set (0.00 sec)

Homework: 5.13.
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Nested query

The fact that SQL statements can be nested
makes it much more powerful and complex.

For example, when �nding all professors who
taught in fall 1995, we could say the following
using a join,

Select P.Name
From Professor P, Teaching T
Where P.Id=T.ProfId And T.Semester='F1995'

We can also �nd out their ids from the Teaching
table, then, using those ids, �nd out their names
in the Professor table as follows:

Select P.Name From Professor P
Where P.Id IN

(Select T.ProfId From Teaching T
Where T.Semester='F1995')
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Why nesting?

In this example, it is more natural to come
up. But, a much more important reason for
nesting is that it increases SQL's expressive
power in the sense that lots of things can't be
done without this feature.

For example, list all students who did not take
any course.

Select S.Name From Student S
Where S.Id Not In

(Select T.StudId
From Transcript T)

Question: Any other way?

Answer: Use set di�erence Except. Unfortu-
nately, it is not implemented in MySQL (v5.1)
yet.
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Another example

Suppose you want to know who makes more
than you do, assuming you know your ID is
'11111111', you can say the following:

Select E.Id From Employee E
Where E.Salary >

(Select E1.Salary
From Employee E1
Where E1.Id='111111111')

The critical point here is that Id is a key, thus
the nested query sends back only one �gure.
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The exists operator

It is often necessary to check if a nested sub-
query actually returns anything. For example,
we might want to �nd all students who never
took any computer science course.

One way to do it is to �nd all CS courses a
student has taken and return those students
for which this list is empty. Thus,

Selec S.Name From Student S
Where Not Exists (
--all CS courses taken by S.Id

Select T.CrsCode
From Transcript T
Where T.CrsCode like 'CS%'

And T.StudId=S.Id)

This is supported in MySQL 5.1. Let's check
it out.
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Tell something about division

Let's �nd out all students who have taken all
computer science courses.

To �nd it with RA, we use division.

More speci�cally, we �nd out the list of Stu-
dent ids for those who have taken at least a
course, a list of Ids for CS courses, then �nd
out information about students taking course.
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The details

Result = A Divide B V iaC;

where

A = � StudId T ranscript;

B = � CrsCode( �
T:CrsCode like 0CS%0Courses) :

C = � StudId;CrsCode (Transcript) :
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How to say it in SQL?

We can make use of a concept of Contains. A
contains B if B � A:

We start with the following:

Select S.Id From Student S
Where --all courses taken by S.Id

(Select R.CrsCode
From Transcript R
Where R.StudId=S.Id)

Contains
--all Cs course
(Select C.CrsCode
From Course C
Where C.CrsCode like 'CS%')
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A bit math

Since Contains is not implemented in SQL, we
have to convert it to something that is.

B Contains A � A � B

� 8 x x 2 A ! x 2 B

� 8 x x 62A _ x 2 B

� ::8 x x 62A _ x 2 B

� :9 x: ( x 62A _ x 2 B )

� :9 x( x 2 A ^ x 62B )

� :9 x( x 2 A � B )

� Not Exists A Except B

Thus,

B Contains A � Not Exists A Except B :
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Is it �nal?

Therefore, the above can be rewritten as the
following:

Select S.Id From Student S
Where Not Exists

(Select C.CrsCode
From Course C
Where C.CrsCode like 'CS%')

Except
(Select R.CrsCode
From Transcript R
Where R.StudId=S.Id)

Guess what? Except is not implemented in the
current version of MySQL.
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Set comparison

Look at the following SQL, that tries to �nd
out those students whose GPA is higher than
that of every junior student.

Select S.Name, S.Id From Student S
Where S.GPA > All (Select S.GPA

From Student S
Where S.Status='junior')

Here the operator All returns true whenever
its left argument is greater than every element
it �nds on its right hand side.

Notice that neither the quanti�ers nor the Except
operator is supported by MySQL 5.1.
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How to do it?

Although it does not support quanti�ers, MySQL
does support an aggregatino operator MAX.Thus,
the following can be used instead.

Select S.Name, S.Id
From Student S
where S.GPA >= (Select Max(S1.GPA)

From Student S1)

It sends back the following:

+--------------+-----------+
| Name | Id |
+--------------+-----------+
| Bart Simpson | 987654321 |
+--------------+-----------+
1 row in set (0.00 sec)
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From where?

The From part tells where you should check for
things. Since it has a table as its nature, you
can put in anything that is a table including
another query.

For example, we want to �nd students who
were not taught by any CS professor.

Select Distinct S.Name
From Student S,
--All CS Professors

(Select P.Id From Professor P
Where P.DeptId='CS') As C

Where C.Id Not In
--Professors who has taught S

(Select T.ProfId
From Teaching T, Transcript R
Where T.CrsCode=R.CrsCode And
T.Semester=R.Semester And
S.Id=R.StudId)
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Quanti�ed predicates

Beginning with SQL 1999, we can also have
a support of limited quanti�cation, with the
following basic format

For All relation (condition)
For Some relation (condition)

The �rst returns true if for all the tuples in
relation, the condition is true; while th second
returns true if at least one tuple in relation the
condition is true.

For example, the following tries to make sure
that every professor is teaching at least one
course.

For All Professor
(Id In (Select T.ProfId From Teaching))

77



Division again

If we list all the students who has taken all the
CS courses, we can have the following query
using a universal quanti�cation

Select S.Id From Student S
Where

For All --every CS course is in S.Id's record
(Select C.CrsCode
From Course C
Where C.CrsCode like 'CS%')
--the condition
(CrsCode In

(Select R.CrsCode
From Transcript R
Where R.StudId=S.Id))

This one does not run with MySQL 5.1.
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Aggregation

As we have already seen, it is often necessary
to calculate the average, the maximum, etc of
the values of certain attributes. SQL provides
a collection of such aggregated operators. For
example,

Select Avg(S.Age) From Student S

Select Min(P.Age) From Professor P
Where P.DeptId='MGT'

--The youngest professor in the management
--department
Select P.Name,P.Age From Professor P
Where P.DeptId='MGT' And

P.Age=(Select Min(P1.Age)
From Professor P1
Where P1.DeptId='MGT')
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More aggregation examples

The following �nds out the number of profes-
sors in the Management department.

Select Count(P.Name) From Professor P
Where P.DeptId='MGT'

The following �nds out the number of di�erent
names in that department.

Select Count(Distinct P.Name)
From Professor P
Where P.DeptId='MGT'

Homework: 5.19, 5.21 and 5.24.
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Something you should not do

You can't mix an aggregated quantity and any
organary attribute, like the following:

Select count(*), S.Id From Student S

Since count returns a single value for the set of
tuples, while S.Id tries to send back one value
for every tuple.

However the following does work with MySQL:
\a junior who has the highest GPA."

Select S.Name, S.Id From Student S
Where S.GPA >= (Select Max(S1.GPA)

From Student S1)
And S.Status='junior'
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Aggregation and grouping

Although we know how to count professors for
one department, what happens if we need this
for all the departments? This is where the
Group by is used.

This clause will group rows of a table that
agree on values of a speci�ed subset of at-
tributes.
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An example

The following calculates some statistics of each
student.

Select T.StudId, Count(*) As NumCrs,
Avg(T.Grade) As CrsAvg

From Transcript T
Group By T.StudId

The result could be the following:

StudId NumCrs CrsAvg
6666 3 3.33
9876 2 2.5
1234 3 3.33
0234 2 3.5

For each student, it calculates the number of
courses, together with the average grade.
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Another example

Question: How to determine the number of
professors in each department and their aver-
age age?

Answer:

Select P.DeptId, count(P.Name) As DeptSize,
Avg(P.Age) As AvgAge

From Professor P
Group By P.DeptId

The key point is that in the result table, each
column is either named in the Group By state-
ment, or is the result of applying certain ag-
gregation to the tuples of that group.
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The Having clause

This is used together with the Group By to in-
dicate which groups should be included in the
�nal result. Whenever a group is generated,
this condition will be applied �rst. If this group
does not meet the cut, it will not be included.

For example, if we don't want to include infor-
mation for small department with less than 10
professors. Then,

Select P.DeptId, count(P.Name) As DeptSize,
Avg(P.Age) As AvgSize

From Professor P
Group By P.DeptId
Having count(*) >=10

When a group is generated, it will be checked
to see if it contains at least 10 tuples.
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More examples

If we want to pick up some students for the
Dean's list, we might do the following:

Select T.StudId, Count(*) As NumCrs,
Avg(T.Grade) As CrsAvg

From Transcript T
Where T.Semester In ('F2003', 'F2004')
Group By T.StudId
Having Avg(T.Grade)>3.5

This can also be done without the Having clause

Select Stats.StudId, Stats.CrsAvg
From (Select T.StudId, Avg(T.Grade)As CrsAvg

From Transcript T
Where T.Semester In ('F2003', 'F2004')
Group By T.StudId) As Stats

Where Stats.CrsAvg>3.5
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Put them into order

We sometimes want to line up all the rows in
the result, using the Order by clause. Thus, if
we add the following

Order by CrsAvg

at the end of the previous query, that list will
be sorted by their average GPA.

If we include instead the following

Order by CrsAvg, StudId

then this list will be sorted by the average GPA,
and with those sharing the same GPA, sorted
by their student ID.
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d�ej�a vu

We once solved the following problem using
join: �nds out the ids of all the students who
took at least two courses.

mysql> select distinct T1.StudId from transcript T1, trans cript T2
-> where T1.StudId=T2.StudId And T1.CrsCode <> T2.CrsCode ;

Another more natural way to do it, in SQL, is
to pick up all those such that the courses they
have taken is more than 1.

The following one �nds out the StudId and the
courses they have taken.

mysql> select StudId, CrsCode from Transcript;
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What will we get?

+-----------+---------+
| StudId | CrsCode |
+-----------+---------+
| 123454321 | CS305 |
| 987654321 | CS305 |
| 123454321 | CS315 |
| 23456789 | EE101 |
| 111111111 | EE101 |
| 666666666 | EE101 |
| 111111111 | MAT123 |
| 123454321 | MAT123 |
| 666666666 | MAT123 |
| 111111111 | MGT123 |
| 666666666 | MGT123 |
| 987654321 | MGT123 |
+-----------+---------+
12 rows in set (0.00 sec)

Question: Is this what we want?
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Question: What do we really want?

Answer: We want the number of the courses
they have taken.

Question: How to get it SQLly?

mysql> Select StudId, count(CrsCode) as Num
-> From Transcript
-> Group by StudId;

The following is what we will get.

+-----------+-----+
| StudId | Num |
+-----------+-----+
| 23456789 | 1 |
| 111111111 | 3 |
| 123454321 | 3 |
| 666666666 | 3 |
| 987654321 | 2 |
+-----------+-----+
5 rows in set (0.00 sec)
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The �nal kick

We can now use the information to get the
�nal answer.

mysql> Select T.StudId
-> From (Select StudId, count(CrsCode) As Num
-> From transcript
-> Group by StudId) T
-> Where T.Num>1
-> Order by T.StudId;

In the above, the Order clause lines up the stu�.

We now get the following:

+-----------+
| StudId |
+-----------+
| 111111111 |
| 123454321 |
| 666666666 |
| 987654321 |
+-----------+
4 rows in set (0.00 sec)
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One step forward

Question: How to �nd their names?

There is nothing fancy. We just join with the
Student table to get the names.

mysql> Select S.Name
-> From (Select StudId, count(CrsCode) As Num
-> From transcript
-> Group by StudId) T, Student S
-> Where T.Num>1 and T.StudId=S.Id
-> Order by S.Name;

+---------------+
| Name |
+---------------+
| Bart Simpson |
| Jane Doe |
| Joe Blow |
| Joseph Public |
+---------------+
4 rows in set (0.00 sec)

Homework: 5.10(a-d), 5.17(a-d).
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A simple evaluation algorithm

1. The From part will be evaluated �rst to
produce a Cartesian product of all the tables
mentioned there.

2. The Where clause will be evaluated to pro-
cess each row of the above product table indi-
vidually to see if it makes the cut. If it doesn't
not, it will be deleted.

3. The Group By clause will then be evaluated
to split the previously cleaned table into groups
where each group consists of those tuples that
agree on the speci�ed attributes as mentioned
in the group clause.

4. The Having clause will then be evaluated
to cut out those groups that don't satisfy the
Having condition.
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5. Finally, the Select part will be evaluated.
It takes the left over groups, evaluates the ag-
gregated functions in the target list for each
group, retains those columns that are listed as
arguments of the Select statement, and gen-
erates one result row for each group.

6. The rows are ordered by the Order by clause.
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An example

Considering two tables, Dept

DEPT# DNAME BUDGET
D1 Marketing 10M
D2 Development 12M
D3 Research 5M

and Emp

EMP# ENAME DEPT# SALARY
E1 Lopez D1 40K
E2 Cheng D1 42K
E3 Finzl D2 30K
E4 Salto D2 35K

and the query

Select Stats.DName, Stats.SalaryAvg
From (Select D.Dname, Avg(E.Salary)As SalaryAvg

From Dept D, Emp E
Where D.DName In ('Develop','Research')
Group By D.D#
Order by D.DName) As Stats
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How is it evaluated?

1. The Cartesian product of the two tables,
Dept and Emp, as mentioned in the From part, is
constructed as follows:

D# DNAME BUDGET EMP# ENAME D# SALARY
D1 Market 10M E1 Lopez D1 40K
D1 Market 10M E2 Cheng D1 42K
D1 Market 10M E3 Finzl D2 30K
D1 Market 10M E4 Salto D2 35K
D2 Develop 12M E1 Lopez D1 40K
D2 Develop 12M E2 Cheng D1 42K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K
D3 Research 5M E1 Lopes D2 40K
D3 Research 5M E2 Cheng D2 42K
D3 Research 5M E3 Finzl D2 30K
D3 Research 5M E4 Salto D2 35K
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2. Then, the Where part is evaluated, so that
only those tuples satisfying the condition

D.DName In ('Develop','Research')

are kept.

D# DNAME BUDGET EMP# ENAME D# SALARY
D2 Develop 12M E1 Lopez D1 40K
D2 Develop 12M E2 Cheng D1 42K
D2 Develop 12M E3 Finzl D2 30K
D2 Develop 12M E4 Salto D2 35K
D3 Research 5M E1 Lopes D2 40K
D3 Research 5M E2 Cheng D2 42K
D3 Research 5M E3 Finzl D2 30K
D3 Research 5M E4 Salto D2 35K
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3. The Group by clause is evaluated to group
the above tuples into groups with the same
D#s:

D# DNAME BUDGET EMP# ENAME D# SALARY
D2 Develop 12M E1 Lopez D1 40K

Develop 12M E2 Cheng D1 42K
Develop 12M E3 Finzl D2 30K
Develop 12M E4 Salto D2 35K

D3 Research 5M E1 Lopes D2 40K
Research 5M E2 Cheng D2 42K
Research 5M E3 Finzl D2 30K
Research 5M E4 Salto D2 35K

4. There is no Having clause, so all groups stay.

5. The Select part is done, giving the following
table of Stats:

DNAME SalaryAvG
Develop 36.8K
Research 36.8K

6. Since these two tuples are already in order,
the result stays the same under Order by.
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Views in SQL

A view is simply a virtual table. We can create
views and then use them in SQL queries. For
example,

Create View AvgDeptAge(Dept, AvgAge) As
Select P.DeptId, Avg(P.Age) From Professor P
Group By P.DeptId

We can then use this subroutine in further pro-
gramming, e.g., to �nd out the department
with the minimum average age

Select A.Dept From AvgDeptAGe A
Where A.AvgAge=(Select Min(A.AvgAge)
From AvgDeptAge A)
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What are they for?

There are a few reasons why view is desirable:
1. It provides automatic security for hidden
data. For example, with the GoodStudent view,
a user cannot access their names.

Create View Good_Student As
Select T.StudId, Count(*) As NumCrs,

Avg(T.Grade) As CrsAvg
From Transcript T
Where T.Semester In ('F2003', 'F2004')
Group By T.StudId
Having Avg(T.Grade)>3.5

2. it provides a shorthand or \macro" capabil-
ity, thus making programming much easier.
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3. It provides di�erent perspectives to di�erent
users at the same time. It allows a user to pay
attention to what s/he is interested in, and
ignores the rest.

4. It provides logic data independence.

View is not implemented in MySQL until ver-
sion 5.*.

Homework: 5.17 (e, f).
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Logic data independence

As discussed before, logical data independence
refers to the immunity of users and user pro-
grams to changes in the logic structure of the
database. Views provides the means to achieve
such immunity in two aspects, i.e., growth and
restructuring.

When a database grows to get in more infor-
mation, its de�nition must grow accordingly:
it may have to include a new attribute, or it
may have to include a new table. At least in
principle, neither of these changes should have
any e�ect on existing users or user programs
at all.

102



From time to time, it is necessary to restruc-
ture the database such that the overall content
remains the same, but the structure of infor-
mation changes. For example, we wish to re-
place the original table Student by the following
two tables:

Create table StudentBasic (
Id Integer,
Name Char(20), Not null
Address Char(50)
Primary Key (Id))

Create table StudentStatus (
Id Integer,
Status Char(10), default 'freshman'
Primary Key (Id))
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So what?

If we then create a view

Create View Student As
Select B.StudId, B.Name, B.Address,S.Status
From StudentBasic B, StudentStatus S
Where B.Id=S.Id

then application program that previously re-
ferred to Student will now refer to view Student,
but nothing changes from a users' perspective.
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Two principles

Views really serve two rather di�erent purposes:
1) To a user who de�nes the view, it is really
just a shorthand. 2) To other users who are
not aware of the view-de�ning expression, it
should look and behave exactly like a table.

Considering the nature of views, or derived ta-
bles, and their relationship with the base ta-
bles, it seems that 1) there is no distinction be-
tween tables and views (The Interchangeability
Principle;) and 2) as far as only the informa-
tion equivalence is concerned, the choice of
which database is the real one is arbitrary as
well (The Database Relativity Principle.)

Homework: Exercises 10.6 (b, d), 10.7, and
10.17.
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Modify the database

We have so far seen how to query a database,
or, now to get information out of an existing
database. In reality, a database changes its
data all the time. We can either enter more
rows, take some out, or modifying the existing
rows.

We now show how to do that with SQL state-
ment, a much easier aspect.

106



Add things in

To insert a single row, we can do the following:

Insert Into Professor(DeptId, Id, Name)
Values ('Math', 1001', 'Bob Parker')

Notice since we have associated the values and
the attributes, the order of these attributes
could be di�erent from that given when the
table was created. On the other hand, if you
know the order, you don't need to enter the
names of those attributes, DBMS will use the
original order.

It is rather awkward to add in only one row at
a time.
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Add in a bunch

The second form of Insert allows us to enter
a bunch of tuples into a table at one time, by
adding a query. Let's insert a bunch of rows in
a table HardClass, which is so hard that more
than 10% of the students failed.

We create a view for this table �rst, which
collects the number of students who failed a
class for each class

Create view ClassFailures
(CrsCode, Semester, Failed) As

Select T.CrsCode,T.Semester,Count(*)
From Transcript T
Where T.Grade='F'
Group By T.CrsCode, T.Semester
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Similarly, we can create another view that col-
lects the enrollment for each class.

Create view ClassEnrollment
(CrsCode, Semester, Enrolled) As

Select T.CrsCode,T.Semester,Count(*)
From Transcript T
Group By T.CrsCode, T.Semester

Now, the table HardClass can be populated as
follows:

Insert into HardClass(CrsCode,Semester,FailRate)
Select F.CrsCode,F.Semester,F.Failed/E.Enrolled
From ClassFailures F, ClassEnrollment E
Where F.CrsCode=E.CrsCode

And F.Semester=E.Semester
And (F.Failed/E.Enrolled)>0.1

It would be tough w/o using views.
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Take it out

If we want to delete all the hard classes taught
in 2003, we can do the following:

Delete From HardClass
Where Semester in ('S2003', 'F2003')

Assume that the University wants to �re all the
professors with an excessively high failure rate.
We can do the following:

Delete From Professor
Where id In

(Select T.ProfId
From Teaching T, HardClass H
Where T.CrsCode=H.CrsCode

And T.Semester=H.Semester
And H.FailRate>0.5)

Homework: 5.23.
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Update tables

It is pretty easy to update an existing row in a
table if you can identify it.

Update Transcript
Set Grade='A'
Where StudId='6666' And CrsCode='EE101'

If, instead of �ring those tough professors, we
want to move them over to administration, we
can do the following:

Update Professor
Set DeptId='Adm'
Where id In

(Select T.ProfId
From Teaching T, HardClass H
Where T.CrsCode=H.CrsCode

And T.Semester=H.Semester
And H.FailRate>0.5)
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Update on views

Since views are widely used, it is natural to
allow the programmers to update them as well.
On the other hand, since view is not really a
table, it is tough to do.

1. Assume we have a simple projective view
on the Transcript, with takes only three at-
tributes, CrsCode,StudId and Semester. If we
add a row into this view, which is further put
into the table, then the Grade piece is miss-
ing in that row in the table. This can be �lled
with a null value if it is permitted by the Create
table. Otherwise, it would be rejected.

2. Assume that we have another view CSProf
over the Professor relation, generated with a
selection condition on DeptId='CS'. Assume that
we now add in a row (1212, 'Paul Schemit',
'EE') into this view, and into the table. When
we send in a query to the view with no condi-
tion added, we will not be able to get the row
back even though we just inserted into it.
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3. Moreover, the impact of a view update can
be ambiguous. This could lead to serious con-
sequence. For example, given the following
view

Create View ProfDept (PrName, DeName) AS
Select P.Name, D.Name
From Professor P, Department D
Where P.DeptId = D.DeptId

If we delete a row ('Smyth','CS') from the
view, we could either delete the row for Smyth
from the Professor, or the row for Computer
Science from the Department, or set the value
for DeptId for Smyth in Professor to null.

Question: What should we do?

113



Another example

Given the following view ProfStud, which col-
lects all professor ids and student ids such that
the professor once taught the student.

Create View ProfStud(ProfId,StudId) As
Select T.ProfId, R.StudId
From Teaching T, Transcript R
Where T.CrsCode=R.CrsCode

And T.Semester=R.Semester

If we delete a row about a particular professor
and a student from this view, there could be
multiple ways to delete stu� from the tables.
Any of them will make this row going away
from the view, but which one is the right one
to make?

Homework: Read through the explanation in
p.186.
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A little summary

Thus, view update is not always doable. Much
work has been done in this regard, but no con-
sensus has emerged. SQL thus has taken a
simple minded approach by accepting only a
limited case of view update, called updatable
views.

1. Exactly one table can be included in the
From part.

2. Neither aggregates, Group By clause, Having
clause, nor set operators are allowed.

3. Nested sub-queries in the Where part can't
refer to the table mentioned in the From part.

4. No expressions, or Distinct keyword are
allowed in the Select part.

Homework: 5.26.
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An example

Below shows an updatable view:

Create View CanTeach(Professor, Course) As
Select T.ProfId, T.CrsCode
From Teaching T

Assume we want to delete a pair (0940, MGT123)
from the view. Then all the rows in the Teaching
table must be deleted.

Homework: 5.27.
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